The method of cell biospecific extraction coupled with UPLC/Q-TOF-MS has been developed as a tool for the screening and identification of potential immunological active components from Andrographis Herba (AH). In our study, a macrophage cell line (RAW264.7) was used to extract cell-combining compounds from the ethanol extract of AH. The cell binding system was then analyzed and identified by UPLC/Q-TOF-MS analysis. Finally, nine compounds, which could combine with macrophages, in an ethanol extract of AH were detected by comparing basic peak intensity (BPI) profiles of macrophages before and after treatment with AH. Then they were identified as Andrographidine E (1), Andrographidine D (2), Neoandrographolide (3), Dehydroandrographolide (4), 5, 7, 2 , 3 -tetramethoxyflavone (5), β-sitosterol (7), 5-hydroxy-7, 2 , 3 -trimethoxyflavone (8) and 5-hydroxy-7, 8, 2 , 3 -tetramethoxyflavone (9), which could classified into five flavonoids, three diterpene lactones, and one sterol. Their structures were recognized by their characteristic fragment ions and fragmentations pattern of diterpene lactones and flavonoids. Additionally, the activity of compounds 3, 4, and 7 was tested in vitro. Results showed that these three compounds could decrease the release of NO (p < 0.01) in macrophages remarkably. Moreover, 3, 4, and 7 showed satisfactory dose-effect relationships and their IC 50 values were 9.03, 18.18, and 13.76 µg/mL, respectively. This study is the first reported work on the screening of immunological active components from AH. The potential immunological activity of flavonoids from AH has not been reported previously.
Introduction
Andrographis Herba (AH) refers to the Chinese herb Chuanxinlian, the dry aerial part of Andrographis paniculata, is widely used as a traditional medicine and health food in China, India, Thailand, and other southeast Asia countries for the treatment of dysentery, sore throat, and snakebites [1, 2] . The diterpenes, especially andrographolide and dehydroandrographolide, were generally considered to be the main active constituents of AH. These molecules exhibited varying degrees of anti-inflammatory activities in vitro and in vivo. Clinically, andrographis injection exerts rapid and beneficial effects on upper respiratory tract infection, acute bacillary dysentery, and fever [3] .
Nowadays, the use of AH for regulating immune response to treat severe sepsis, systemic lupus erythematosus, and other autoimmune diseases has gained increasing attention [4] [5] [6] . However, anaphylactoid reactions induced by andrographis injection have been reported with increasing frequency. In addition, recent studies have demonstrated that diterpenoid lactones, including andrographolide and dehydroandrographolide, could markedly increase the histamine level, cell degranulation rate, and release ratio of ammonia glycosidase, which may have a potential sensitizing capacity causing allergic reactions [3] . Therefore, it is supposed that AH may represent a bidirectional modulator in immune regulation. Moreover, flavones constitute the main chemical ingredients of AH. So far, nearly 70 flavones have been isolated from AH. Furthermore, some flavones have also revealed good inhibition effects on inflammation and thrombus [7, 8] . Compared to the wide applications of diterpenes in the treatment of inflammation, the research on immunological active compounds is still very limited. Whether flavones also take part in immunological activity is not clearly known. Therefore, to better understand the immunomodulatory mechanism of AH, it is worthwhile to identify the other immunological active components in this herb.
Modern pharmacological studies have indicated that the ability of drugs to interact with receptors or other targets on cell or membranes plays an important role in evaluating the effectiveness of drug absorption [9] . Therefore, the interactions of active molecules with target cells and cell-based affinity purification techniques have been employed as a screen for bioactive components in traditional Chinese medicine (TCM) [10] [11] [12] . Meanwhile, liquid chromatography coupled with time-of-flight mass spectrometry (LC-TOF-MS/MS) is a powerful and sensitive analytical technique for the identification of unknown molecules. In this paper, to screen potential immunological active components in AH, firstly macrophages, phagocyte cells that help initiate and are involved in all stages of immune responses, were used to extract cell-combining compounds from the ethanol extract of AH. Then the cell-binding system and structure elucidation of the cell-combining compounds were analyzed and identified by UPLC/Q-TOF-MS analysis. Finally, nine potential active candidate compounds were found to combine with macrophages. Their structures were recognized by comparing with reference standards and their MS/MS behavior. To verify the immunological activity, their effects on the cytokine release of macrophages were tested in vitro.
Results and Discussion

Macrophage Biospecific Extraction of Compounds in AH
In our study, macrophage RAW264.7 was used to extract cell-combining compounds in AH. UPLC/Q-TOF-MS analysis was employed for the structure elucidation of the compounds extracted by macrophages (Figure 1 ). The base peak intensity (BPI) profiles of AH, the blank group, and the model group in positive ion mode are shown in Figure 2 . It was found that the extract of denatured deposited RAW264.7 cells (blank group, Figure 2B ) also contained complementary information at lower polar. This phenomenon may be caused by the existence of inorganic salts from PBS and DMEM. Thus, the extract of denatured deposited RAW264.7 cells was set as the blank group. Nine potential bioactive compounds were monitored in the model group (Figure 2A ) by comparing MS/MS fragmentation behavior and retention time with AH ( Figure 2C ) and the blank group ( Figure 2B ). The results suggested that these nine components may have fine affinity to closely combine with some receptors or targets of macrophages, which could specifically interact with macrophages. When the macrophages were digested with absolute ethanol and were put under ultrasonic vibrations, the macrophages were ruptured and the cell-combining compounds were removed from the receptors or targets [9] . Moreover, it was easy to lose 15 Da to generate the fragmentation of [M + H − Glc − CH 3 ] + at m/z 314 in its MS 3 spectrum, indicating there is a methoxyl group at the C-6 or C-8 position. Besides, an ion at m/z 313 showed a similar abundance ratio in the MS 3 spectrum, indicated there is a hydroxyl or methoxyl group at the C-2 position. Based on the MS/MS behaviors of flavonoids, the fragmentations at m/z 183 in MS 3 spectrum were generated by the Retro-Diels-Alder (RDA) fragmentation pattern. A series of losses of CO from the ketone group, C-fragmentation, and the loss of radicals such as CH 3 , CHO, and OH were also observed [13, 14] . By comparing with the previous reports [15] , compound 1 was identified as andrographidine E. The MS/MS spectra and the proposed fragmentation pattern of andrographidine E are shown in Figures 3 and 4 .
The fragmentation pattern of compound 2 was almost the same as that of 1. Based on the MS spectra, it was apt to lose a characteristic ion 162 Da (Glc) to generate the aglycone at m/z 359. In the MS 2 spectrum (Figure S1 ), the fragmentations of m/z 344 (loss of a CH 3 ) and 329 (loss of two CH 3 ) can be observed. In the MS 3 spectrum, the fragmentations of m/z 315 (loss of a CO 2 ) and 153 (RDA cleavage, loss of a C 10 H 10 O 2 and CO 2 ) were the same as the behavior of the MS/MS fragmentation pattern reported before [15] . By comparing the extract molecular weights with the chemical database, compound 2 was identified as andrographidine D.
Compound 3 Figure S5 ) with the reference standard, compound 7 could be definitely identified as β-sitosterol.
Compounds 8 and 9 have similar fragmentation patterns to those of compounds 1 and 2, respectively. In the MS 2 spectrum (Figures S6 and S7) , characteristic ions at m/z 314, 313, 299, 285, 180, 165 were produced both from compounds 8 and 9. According to the MS/MS behaviors of flavonoids and the literature data [16] 
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Effects of Three Compounds on LPS-Induced Cytokine Release of Macrophages
Diterpene lactones and flavonoids are the main chemical components of AH. In this study, five flavonoids (1, 2, 5, 8, and 9) , three diterpene lactones (3, 4, and 6) and a sterol (7) were extracted by macrophages. However, as their content in plants is low and difficult to extract, only compounds 3, 4, and 7 were extracted from AH. The effect of these three compounds on LPS-induced NO release of macrophages is shown in Table 2 . Results indicated that the three compounds could decrease the release of NO in macrophages remarkably. Moreover, the three compounds showed satisfactory dose-effect relationships.
Although, there is no flavonoid isolate from AH, the flavonoids from AH have also been reported to regulate immune response and have attracted increasing attention as potential prophylactic drugs against a series of diseases, especially cancer and cardiovascular disease [17] . Moreover, compounds 8 and 9 have been reported to interact with several enzymes, such as detoxification enzymes and plasma proteins [17, 18] . So, as the configuration isomers, compounds 1, 2, and 5 may also exhibit similar interaction with proteins. Thus, there may be a synergistic effect between flavonoids and diterpene lactones on the immune system. 
Materials and Methods
Chemicals and Reagents
AH was acquired from a local drugstore in Nanchang (China). Reference standards of andrographolide, dehydroandrographolide, neoandrographolide, and β-sitosterol (>98% purity, determined by HPLC) were purchased by the National Institute for the Control of Pharmaceuticals and Biological Products (Beijing, China). Ethanol (analytical grade), acetonitrile (chromatographic grade), and formic acid (chromatographic grade) were acquired from local chemical suppliers. Deionized water was prepared by a Milli Q-Plus system (Millipore, Bedford, MA, USA). Dulbecco's modified Eagle medium (DMEM), lipopolysaccharide (LPS), and fetal bovine serum (FBS) were acquired from Gibco (Grand Island, NY, USA). 3-[4, 5-Dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium bromide (MTT) and DMSO were purchased by Beijing Solarbio Science and Technology Corporation (Beijing, China). Phosphate-buffered saline (PBS, pH7.4) was prepared in our laboratory. The murine macrophage cell line (RAW264.7 cells) was acquired from the Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences (Shanghai, China).
Apparatus
An Agilent 6538 UPLC-ESI-Q-TOF-MS equipped with an online degasser, dual gradient pump, auto sampler, and column oven (Agilent Technologies, Palo Alto, CA, USA) was used for MS analysis. A Phenomenex reversed-phase Luna C 18 column (150 × 2.0 mm, 3 µm) and a Phenomenex C 18 guard column (Phenomenex, Torrance, CA, USA) were employed for chromatographic analysis.
Preparation of AH Extracts
AH extracts were obtained according to the method described in the Chinese Pharmacopoeia. About 100 g dried AH was refluxing extracted with a 10-fold volume of 85% ethanol in water for 2 h, and this process was and repeated twice. After filtration, the extracts were evaporated to dryness at 45 • C under vacuum. Residues were dissolved in 100 mL 85% ethanol in water and filtered through a 0.22-µm membrane. The filtrate was then used as a sample for LC-MS analysis, and diluted with DMEM when treated with cells.
Cell Culture and Binding
RAW264.7 macrophages were cultured in DMEM supplemented with 10% FBS and antibiotics (100 U/mL penicillin and 100 g/mL streptomycin), and maintained at 37 • C in a humidified incubator containing 5% CO 2 . The medium was changed every two days until the cells reached confluence. Cell suspensions (1 mL, 1 × 10 6 cells) were treated with the extracts of AH (1.90 mg/mL) for 6 h at 37 • C. Then the cells were washed four times with 2 mL PBS each time to scour off the possible non-selectively combining components. The eluates were discarded except for the last one, which was collected as a contrast for LC-MS analysis. Finally, the cells were digested by the addition of 1 mL absolute ethanol and were put under ultrasonic vibrations for 60 min when cells were disintegrated by observing them microscopically. Then, the bound components to cells were released. The suspension was centrifuged at 15,000 rpm for 10 min and the obtained supernatant was filtered with 0.22-µm membranes for LC-MS analysis.
Mass Spectrometry
The fragment ions were analyzed by the UPLC/Q-TOF-MS method. The gradient elution system consisted of acetonitrile (solvent A) and water (solvent B). Separation was achieved using the following gradient procedures: 0.01-3 min, 10-30% A, 3-5 min, 30% A, 5-15 min, 30-45% A, 15-25 min, 45-95% A, 25-27 min, 95% A. The flow rate of mobile phase was set at 0.3 mL/min, and the column temperature was maintained at 40 • C. Ultrahigh pure helium (He) and high purity nitrogen (N 2 ) were used as the collision gas and nebulizer, respectively. The optimized parameters in positive ion modes were as follows: fragmentor voltage, 100 V; skimmer voltage, 65 V; OCT 1 RF Vpp voltage, 750 V; capillary voltage, 5500 V; capillary temperature, 500 • C; atomizing pressure: 40 psi; dry nitrogen flow rate: 10 L/min; collision energy: 35 eV. Spectra were recorded in the range of m/z 50-1000 for full scan data.
Assay for LPS-Induced Cytokine Release of Macrophages
The effects of the three compounds-neoandrographolide, dehydroandrographolide, and β-sitosterol-on LPS-induced cytokine release of RAW264.7 cells were tested. The nitrite concentration in the culture medium was measured as an indicator of NO production according to the Griess reaction method described in a previous report [19] . The following: cells only, LPS alone (5 µg/mL), and LPS/drugs (1.25, 2.5, 5, 10, 20 µg/mL), were prepared as the control, model, and treatment groups, respectively. Six wells per group were used and 100 µL of the cells (2 × 10 5 cells/mL) were added to each well. The plates were incubated for 24 h and 100 µL from the surface of each well was transferred into new plate, while 100 µL Griess reagent was added simultaneously. The new plate was then incubated for 10 min at room temperature and was measured by an ELISA reader at 540 nm. Standard calibration curves were prepared using sodium nitrite as the standard. NO inhibition (%) = [(model group) NO − (treatment groups) NO ]/(model group) NO × 100%.
Statistical Analysis
All data were expressed as the mean ± standard deviations (SD) of six samples. The statistical analysis was performed with SPSS (SPSS statistical software package, version 18, SPSS Inc., Chicago, IL, USA).
Conclusions
UPLC-Q/TOF-MS analysis is a rapid and effective technology for the recognition of complex chemical compounds from TCM. The application of UPLC/Q-TOF-MS greatly helps to improve the detecting efficiency and accuracy. Nine immunological active components in AH were simultaneously screened by macrophage biospecific extraction, and their immunological activity was tested through verification tests. Although there is no flavonoid isolate from AH, the flavonoids (compounds 8 and 9) have been reported to interact with several enzymes, such as detoxification enzymes and plasma proteins [17, 18] . So, as the configuration isomers, compounds 1, 2, and 5 may also exhibit similar interaction with proteins. Therefore, it is supposed that flavones from AH may also take part in the immunological active and play a bidirectional modulator in immune regulation. There may be a synergistic effect between flavonoids and diterpene lactones on the immune system. This study is the first reported work on immunological active components screening in AH. The potential immunological active of flavonoids from AH has not been reported previously. In conclusion, the application of cell-binding coupled with UPLC/Q-TOF-MS technology could be an efficient, rapid, and reliable method for screening complex mixtures from TCM. 
